ABSTRACT
INTRODUCTION
It is a common concern that our aquatic ecosystems deteriorate due to numerous and ever-growing anthropogenic impacts. For this reason, ecologists try to find means for quantitative estimations of structural deformation for natural communities (Odum 1971; Begon et al. 1996) . Size spectrum analysis (Sheldon et al. 1972; Sprules & Munawar 1986 ) is one of the tools available to characterize the whole community structure. The 'ataxonomic' biomass size spectrum (BSS) and normalized biomass size spectrum (NBS) are closely connected to a more traditional one, where the size-frequency distribution of species or higher taxa is plotted (Hemmingsen 1934; Hutchinson & MacArthur 1959; Smith et al. 2004) . While, in some important cases, not all registered taxonomic units are determined and described at the species level, we apply the operational taxonomic unit (OTU) approach (Sneath & Sokal 1973) , and refer to such size distribution of taxonomic units as traditional taxonomic size spectrum (TTSS; Kamenir et al. 2006) .
Like the NBS, the species size-distribution patterns observed for pelagic and benthic assemblages seem to be rather stable even during pronounced changes in community composition (Havlicek & Carpenter 2001; Kamenir et al. 2006) . At the same time, changes of the TTSS fine structure are often evident. Therefore, comparisons of statistical distributions of species can produce quantitative similarity or distance measures estimating the change in the community composition between two points in time (Thibault et al. 2004; Kamenir et al. 2006) . Consequently, TTSS, a simple and flexible presentation of an important property of the community (i.e., its taxonomic composition), seems to be a promising tool needed for ecological monitoring, forecasts, and quantitative assessments of the aquatic assemblage structural deformations. The interesting and valuable phenomenon (for many theoretical and applied applications) of long-term consistency of the general pattern of phytoplankton TTSS was initially established for one lake (Kinneret; Kamenir et al. 2006 ). The following studies (Kamenir et al. 2008) have supported its more general nature, including oligotrophic lake condi-tions. Thus, it seems that the phytoplankton TTSS pattern is likely to be supported by some ecological mechanisms of a very general nature and demands further studies considering specific objects and situations of general ecological interest (Kamenir et al. 2008) . The high self-similarity of the TTSS general pattern during long-term (>20 years) periods can be interpreted as the strength of the ecological community self-maintenance. The role of specific anthropogenic and natural impactssuch as lake size, depth, and trophic status changeseems to be very interesting and important, especially during times of global change.
In this study, we applied the TTSS approach to analyze structural changes of the phytoplankton assemblage in the deep subalpine Lago Maggiore (Italy) during a long period of time. We chose Lago Maggiore as a case study because a clear and thoroughly documented oligotrophication process took place there (e.g., Salmaso et al. 2007) , and a multi-annual phytoplankton record was available describing the concurrent phytoplankton change.
The objective of our study was to examine the TTSS pattern change of the Lago Maggiore phytoplankton assemblage during a thoroughly documented oligotrophication process. We examined if typical patterns of the assemblage structure can be established. Then we tried to establish specific trends and break down the total 22-year range into several shorter periods of more homogeneous (i.e., self-similar) patterns.
The working hypothesis was that repeating annual succession patterns are produced by communities that preserve some reliable structural features. This reliability can decline during the years of pronounced changes of the ecosystem state, caused by nutrient-level decline. Different typical patterns may exist during the stable and transitory stages.
METHODS

Long-term oligotrophication process of Lago Maggiore
Lago Maggiore, the second largest subalpine lake in Italy (lake area of 213 km 2 , drainage area of 6599 km 2 ), is situated at 193 m above mean sea level. It has a maximum depth of 370 m and an average depth of 178 m, as reported in Salmaso et al. (2007) . It is oligotrophic by nature, as shown by early limnological studies (Baldi 1949) and by analysis of the sedimentary pigments (Guilizzoni et al. 1983) . The eutrophication process started in the sixties: the nutrient concentration (phosphorus) in the lake water began to rise and was soon followed by an increase in phytoplankton abundance, biovolume, and primary production (Ravera & Vollenweider 1968; Morabito & Pugnetti 2000) .
In the late seventies, the lake reached a trophic state close to eutrophy, when the P loads peaked and the maximum in-lake TP concentration was recorded (around 30 μg L -1 at winter mixing; Mosello & Ruggiu 1985) . Since that time, the P loads have been gradually reduced by various means, including the establishment of sewage treatment plants and the reduction of total phosphorus in detergents. As a result, the TP values have gradually decreased to some 10 μg L -1 . The slow reversal of the trophic state of Lago Maggiore is documented in many papers.
In the eighties, strong emphasis was put on the apparent resilience of the plankton communities against falling levels of phosphorus (de Bernardi et al. 1988) . However, starting from 1987-88, major biological changes were at last manifested, especially in the phytoplankton (Manca et al. 1992) . Among the recorded alterations, a remarkable decrease in average cell size and increased importance of the smaller size phytoplankters were notable .
Data sampling and treatment
Water samples were collected for phytoplankton analysis fortnightly, but monthly during the cold months (November to January), at the station of Ghiffa, corresponding to the deepest point of the lake. A bottle, designed to take an integrated sample in the 0-20 m water layer, was used. The bottle was home-made at Institute for Ecosystem Studies (R. Bertoni, 1996; Patent. Num. MI 96/A 000121). Its main body is a plastic cylinder, into which a piston is placed. A cable 20 meters length is connected to the piston through a wheel and the piston moves when the bottle is sinking into the water. The device allows a continuous sampling from the water column, taking a fixed volume of water at each meter. Phytoplankton was determined in subsamples of 10 mL preserved in acetic Lugol's solution. Algal cells were identified and measured on a Zeiss Axiovert 10 microscope, following Lund et al. (1958) , until 400 cells of the most important species were counted. Algae >2 µm in GALD (Greatest Axial Linear Dimension) were classified and included into our analysis. Algae up to some 1 µm in GALD were classified among the small Chroococcales when in colonies, whereas single cells were included among unidentified picoplankton. Due to the difficulties in quantifying properly this category with the counting method used, picoplankton was not included in the current analysis.
For determination of the phytoplankton species the standard systematic literature was used. Oscillatoriales were determined also following Anagnostidis & Komárek (1988) . Water for chemical analyses was collected monthly and nutrient concentrations were determined at the chemical laboratory of the Istituto per lo Studio degli Ecosistemi (Pallanza), following the methods reported in Mosello & Ruggiu (1985) . These procedures of data sampling and processing were very similar to protocols followed up at Lake Kinneret [described in detail in Zohary (2004) ], where TTSS long-term consistency was originally found (Kamenir et al. 2006) .
Operational taxonomic units and taxonomic size spectra
A mean biovolume of the individual cell of each species was calculated from linear microscope measurements and the closest geometrical shape (Hillebrand et al. 1999) . This cell volume was the parameter used for allocating a taxon to a size class. Size classes were created by doubling the cell volume, i.e., by standard increments of the cell size logarithm. Thus, our size classes were ≤0.5 µm 3 , followed by 0.5-1, 1-2, 2-4 µm 3 , etc., up to the largest phytoplankton cell of 85,180 µm 3 (Peridinium willei). The logVxx notation is used throughout this paper for size classes, where xx is the logarithm of the class right boundary, log 10 (V).
Since not all our taxa were strictly identified species, we refer to each as an operational taxonomic unit, or OTUj (Sneath & Sokal 1973) . Throughout the 22 years of analysis, the phytoplankton assemblages of L. Maggiore were made up by >200 taxonomic units. For each OTUj, an annual average volume (Vj) was applied. This volume (Vj) was obtained by measuring at least 50 single algal cells and using the arithmetic mean of the 50 measurements for each geometrical dimension. As a rule, these 50 measurements were taken throughout the whole year, randomly, from the different seasonal samples; however, for species characterized with a pronounced seasonality (e.g., spring months for diatoms), they were taken during the respective period.
For those species regularly occurring during the time period analyzed, the volume estimate was checked throughout the years. It was measured many times by randomly checking its geometric dimensions on some specimens. If a significant (>10%) change of Vj was supposed, a more thorough procedure was carried out. If a size shift was evident, allocating the species annual mean into another size class, it was registered as a new (different) OTUj of the same species (see table 2 in Appendix).
The average of the log-transformed cell volume estimates of all species, comprising the annual list of species, was calculated. It was transformed back and applied as the annual average cell volume. Twenty-two traditional taxonomic size spectra, describing period from 1984 to 2005, were created for L. Maggiore phytoplankton, one for each year. A TTSS was created as the frequency distribution (histogram) of the total number of OTUj-s registered during one year to size classes. The histograms were built using the Histogram and Crosstabs procedures of the statistical package SPSS, and assigned according to the year they represented. LMttXX notation was applied, where XX was the year, for example LMtt98 was the TTSS for year 1998 (Kamenir et al. 2006) .
Statistical analysis
Hierarchical cluster analysis was applied to estimate the measure of similarity between histograms and to pull together the most similar TTSS shapes. Each histogram, i.e., a column of numbers, was interpreted as a numerical vector (Cha & Srihari 2002) . The Pearson correlation was applied to estimate the similarity (Sneath & Sokal 1973) . One-way ANOVA with Bonferroni post-test was performed to compare the annual OTUj number for several groups of years, differentiated by hierarchical cluster analysis (see below). The dynamics of each size fraction was described by its OTUj number registered per year. The curve-fitting (linear) model was used to calculate parameters of linear regressions of the inter-annual dynamics curves. SPSS program, version 14.0, was used for all statistical procedures.
RESULTS
The 22 annual TTSSs, compared in graphic form, show variable shapes; however, the same general pattern is seen while comparing all 22 TTSS (Fig. 1) . This pattern represents several modes of more-or-less the same height within the size (LogV) range of 1 to 4, with much lower peaks in both peripheral zones. In reality, one can see several peaks divided by rather deep troughs. The number of peaks and their positions slightly vary at times. With the help of hierarchical cluster analysis, this set of shapes was divided into several subclusters or periods characterized with higher homogeneity ( Fig. 2 ; Tab. 1). Then we can see almost the same shape of four central peaks (region LogV=1-4) with much lower peripheral bells at LogV=0.0-0.9 and LogV=4.2-5.1 (Fig. 3) . During the first period (1984) (1985) (1986) (1987) , the central region strongly resembled a symmetrical Gaussian bell (Fig. 3A) . During the second period (1988) (1989) (1990) (1991) , the second-from-the-left main peak (V2.4) drastically changed and became the sole dominant (Fig.  3B ). In reality, this change, clearly seen during the numerous following years ( Fig. 3B-D) , is evident already while comparing years 1985 and 1986 (Fig. 3A) . A trough at V2.7 was already clearly seen in 1986 (Fig. 3A) , dividing the central bell of 1985 into two peaks, at V2.4 and V3.0; but the apparent later peak at V2.4 was still overshadowed (until 1988) by peak V3.0 (Fig. 3 A-B) .
During the next period, this peak rose up, then diminished for one year in 1991 ( Fig. 3B-C) , and again became dominant till 2002 (Figs. 3E-F). Thanks to this peak (V2.4), we see a long period of TTSS-shape homogeneity (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) that was very different from the previous and following years (Figs 2 and 3F; Tab. 1). After 2001, this peak again drastically diminished and was overshadowed by its neighbor on the left at V2.1 (Fig. 3E ). This dynamics of one peak, experiencing pronounced risings and fallings, creates a visual impression of the peak side shift (Figs 3E and F) . Analogous drastic changes are notable for peaks at V1.8 in 1999 and V3.0 in 2003 (Fig. 1) . They can also be seen for the peripheral zones (LogV<1 and LogV>4), but catch less attention due to the small changes of the peripheral peaks, being produced by addition/deletion of only 1-2 species (Fig. 1) . into subclusters of less heterogeneous taxonomic size structure of L. Maggiore phytoplankton. Three vertical arrows delimit three main subclusters (1990-2001, 1984-1989, and 2002-2005 ). For the secondary-level sub-clusters see also the proximity matrix (Tab. 1). The Pearson correlation coefficient (r) was applied as the measure estimating similarity between size spectra considered as numerical vectors. Even for time intervals up to 20 years, r>0.66, and mostly, r>0.8 (Tab. 1). The proximity values are rescaled to the respective distances by the SPSS program.
The highest level (r=0.966) of the similarity measure (Pearson r) in pairs of annual TTSS (Tab. 1) was close to the respective estimates found for other lakes (Kamenir et al. 2006 (Kamenir et al. , 2008 ). Concomitantly, its minimal level (r=0.669), describing a pair of the years (1989 and 2003) at the beginning and the end of the studied process, was found previously only for pairs taken from two different ecosystems (meso-eutrophic Lake Kinneret and oligotrophic Lake Tahoe; Kamenir et al. 2008) . Both these years look abnormal in their year-groups ( Fig. 3 B and E, respective) and represent very different estimates of fraction V2.7. Formally, considering Pearson r>0.9 as 'high' similarity levels, we can distinguish several 'homogenous periods' -several pairs of years (1984-1985 and 1988-1989; 1990-1991) and following that, three long time-intervals (1992-1995, 1996-2000, and 2002-2004 ) (Tab. 1). Some years exhibit 'intermediate' TTSS shapes, having high similarity with their neighbors both on the left and right, e.g., the years 1987 and 2001 (Tab. 1). We can see also a high similarity between spectra divided by 5-8 years, e.g., between the years -2001 -1995  Fig. 2 ). Therefore, we can distinguish a very long 'transitory' timeinterval of 1990-2001 ( Fig. 2) , clearly distinguishable from its predecessor and follower, which have higher similarities between them.
Consequently, we can see the transformation process, divided into several stages (Figs 2 and 3F). This process ended in 2005 with a 'return' to the initial shape (1984), but with a much upgraded height, i.e., the total biodiversity (Fig. 3F ). This trend of species number increase is clearly seen in the long-term dynamics curve (Fig. 4A ). While the number of large species (LogV>4) was almost the same -and very low -in 2005, as 20 years earlier, many smaller species were added (Fig.   3F ). Therefore, the observed patterns of TTSS evolution are connected with an overall decrease in phytoplankton average cell volume. This reduction exhibited a very clear pattern during the years 1986-1997 (Fig. 4B ). Two main trends caused this volume decrease: the size changes occurring inside each algal group and the overall reduction of the assemblage mean size due to the addition of numerous medium-and-small species. Species number change in the most important size fractions had obviously non-linear dynamics: several fractions seem to be linked as a coherent group, while others had an almost opposite phase (Fig. 5A ). The 'extreme peripheral' fractions of LogV=-0.3 and 0.0 are the notable exceptions, increasing only during the last years (2000) (2001) (2002) (2003) (2004) (2005) , when the most significant (i.e., including the largest species number) fractions (LogV=1.8 and 2.4) decline (Fig. 5A ). The largest cell volume fraction (V5.1 here) is unvarying, as it includes only two species (Ceratium hirundinella and Peridinium willei) registered each year. The central region (V1.2-V3.6, excluding V2.7) fractions exhibit the most rapid growth and a strong correlation with the total diversity growth (r>0.67, p<0.001, n=22 for each fraction). Some fractions demonstrate strong and statistically significant paired correlations (r>0.7, p<0.001, n=22), even if they are not 'neighbors'. Two large cell fractions (V4.5 and V5.1) show a strong negative correlation (r<-0.6) with the total diversity.
While the dynamics of separate fractions was very complicated (Fig. 5A) , the total species number grew almost linearly, reaching a new 'asymptote' of 91 species in 2003 (Fig. 4A ). While some 'jumps' and drops are notable occasionally, the inter-annual trend is clearly seen (Fig.  4A) . The linear regression interpolates this dependence of the total species number vs the time as y=2.51x -4940.50, where x is the year, r 2 =0.900, n=22, p<0.001.
Tab. l. Proximity matrix for the cluster analysis results (dendrogram, Fig. 2 ). Pearson r is applied as the similarity measure; r>0.66 for all pairs of years. High similarities (r>0.9) are highlighted. The borders delimit homogenous time-intervals (each r>0.9). Dashed borders denote a high similarity between two distant blocks (years 1992-1995 and 2000-2001 The phytoplankton assemblage seems to be changing as a whole, being more stable and orderly than its separate parts (Fig. 5) . Two very different shapes of the phytoplankton taxonomic size structure can be distinguished, characterizing the transitory period and the 'less dynamic years' preceding and following it ( Fig. 6A  and B) . The high similarity of the first and last periods is especially evident after a scale transformation (Fig.  6B) . It clearly demonstrates the phytoplankton structural stability supplemented with the diminishing role of the largest species (LogV>4) during the lake oligotrophication. A significant difference (p<0. 001, df=3,14, F=16.18 ) was found for size fraction V2.4 (ANOVA one-way with Bonferroni post-tests) between several year-groups selected according to cluster analysis results (Tab. 1). The difference was significant (p=0.021) between groups 1 (years 1984-1989) and 2 (1992-1995) , (p<0.01) between groups 1 and 3 (1996) (1997) (1998) (1999) (2000) , and groups 3 and 4 (2002-2004) . The differences between groups 2 and 3, 2 and 4, and 1 and 4 were not significant (p>0.05). Therefore, group 3 seems to be the most illustrative representation of the transition-period type, distinguishable from the two stability periods (1 and 4). Such TTSS properties can be valuable for the development of the diagnostic classification and quantitative comparison means needed to distinguish between stable and transitional stages.
DISCUSSION
Long-term analysis of taxonomic size structure evolution during an apparent lake oligotrophication process shows many interesting characteristics of integral phytoplankton assemblage adaptation. We can see the transformation process of the lake phytoplankton taxonomic structure -abrupt for some size fractions and almost linear for the total species number (Fig. 5 ) -coming to a new, more stable situation which reproduced itself during the last 4 years of the study. This transformation is clearly seen when comparing the partial periods (Fig. 3F) . After the starting period of 1984-1987, we see almost the same TTSS shapes in 1990-2001 (with notable changes of the central peak at LogV=2.4), and then a 'return' to the starting shape (1984) during the final period. This return is better appreciated with the help of a scale-transformed comparison between the 'start-and-finish' shapes (Fig.  6B) . We see here the same three peaks of almost the same height within the central region, after the pro- nounced upgrading and decline of the LogV=2.4 peak. In reality, the two shapes are similar only while rescaled, as they have a 2 times different height. The 2005 spectrum also has a leftward side-shift, as its small-size region is raised, while the largest species zone (LogV>4) is diminished. This addition of small species (LogV<2) is also evident during the transition period (Fig. 6A) . All in all, the species number has grown >2 times, from 44 in 1984 to 90 and more during the last years, mostly due to the addition of small (V <100 µm 3 ) species (Figs 5-6). The second or transitional period (Fig. 3B-D) is characterized by a gradual growth of the central peak (V2.4) >3 times, from 5 in 1986 to 11 in 1994, 15 in 1997, and 16 in 2000. Then the central peak (having shown the most drastic dynamics) diminished again to the level of another central peak (V3.0; 10 in 2002) and moved left (from LogV=2.4 to 2.1; Fig. 3E ).
The dynamics comparison of numerous size fractions shows a rather complicated process, with rather abrupt increases and declines (Fig. 5A) . It is not synchronous for all fractions. While some of them decline drastically, others increase. Some of such cases can be explained by changing grazing pressure (Morabito, unpubl.) , and others by the pronounced Vj changes of some species, resulting in their shift to another size fraction. The total taxonomical diversity growth parallels the average nutrient level decline, though not all size fractions equally profit from these changes. Really, some irregularities and trend-reversals are evident (Fig.  4) which can be explained by the physical environment analysis. Such analysis unveils a rather complicated set of relations. Their detailed description is currently in preparation. The most drastic restructuring is evident within the central region, especially for the notorious fraction V2.4. The most prominent overall changes describe total taxonomic diversity growth, made up mainly by small-cell species (Fig. 5B) , and the general decline (2-3 times) in the average species size (Fig. 4B) . Another prominent property, seen with the help of TTSS, is the existence of three clearly different stages, where the first and last have almost the same general pattern of three equal height peaks, while the intermediate transitional stage shows an explicit domination of one central peak (Fig. 3) . While each fraction oscillates along time, these oscillations are not strictly coherent. Therefore, the TTSS proportions are changing and may be helpful to analyze the overall structural change dynamics (Fig. 5B) . A comparison of the most prominent fraction (V2.4) with its neighbors (V2.1 and V2.7) depicts the years 1991-2000 as a rather unusual period (Fig. 5A) . Such a pronounced change of proportions between several size fractions leads to a notable diminishing of overall size-structure self-similarity (Tab. 1). During all periods, we can see peaks at positions (LogV) of 2.4, 3.0 and 3.6. Only in the last period (2002-2005; Fig. 3E ) one of the peaks (LogV=2.4) moved one class leftward (LogV=2.1), while LogV=2.4 went down. This process is clearly seen via size class dynamics (Fig. 5A) , where fraction V2.1 rapidly rose after 1998 while its neighbors (V2.4 and V1.8) quickly declined. The average cell volume decline is seen from the two parts of the spectrum dynamics comparison (Fig. 5B) . The linear regression slope for the small species (sum1; LogV≤2.4) is >2 times higher than the slope for the rest of the species (sum2; LogV>2.4). Consequently, the ratio between the species number of the small and large parts (sum1 sum2 -1 ) changed from 0.57 in 1987 to 1.34 in 1997 (Fig. 5B) .
Change in size structure is influenced by many phytoplankton groups. For Chlorophytes and Cryptophytes, the mean cell volume remained stable, but for Chrysophytes, a declining trend was evident. It was produced by the volume reduction of many Mallomonas species, and the appearance of some small taxa, such as Chrysochromulina parva and Ochromonas sp. The Cyanoprokaryota group showed a very clear reduction in average cell volume, driven by the size decrease of Microcystis aeruginosa and Planktothrix rubescens, together with the increasing importance -in terms of both cell abundance and species number -of small chroococcales (Apahnothece, Aphanocapsa, Cyanodictyon, and Synechococcus). For diatoms, the reduction was less clear because some species reduced their volume (Asterionella formosa, Aulacoseira ambigua, Cyclotella comensis), while others increased it (Fragilaria crotonensis, Aulacoseira islandica morf. helvetica). Volume maxima of the whole diatom assemblage, observed between 1987 and 1991, were due to Synedra ulna v. danica. However, lower average cell volumes of the diatoms since the early nineties can be explained by the increasing importance of the species number and relative abundance of small centric diatoms. The clear cell volume decrease of dinoflagellates was due to the appearance of small Gymnodinium species. The time course of the size decrease followed the general oligotrophication of the lake: the regression between TP concentration at mixing and mean annual LogV is highly significant (LogV = 1.93 + 0.05 TP; n=22; r=0.62; p=0.002) . It is very plausible that the rearrangement of the phytoplankton assemblage towards the growing number of smaller species was a consequence of the ecosystem changes related to nutrient reduction. This reduction could have given a growing advantage to species with a higher S/V ratio, being more efficient in assimilating nutrients (Chisholm 1982; Seip & Reynolds 1995) . The decrease of phytoplankton size at lower nutrient levels has been frequently observed in lakes (see, for example, Masson et al. 2000) . For instance, the trophic recovery of Lake Lucerne, a deep Swiss subalpine lake, which underwent a trophic evolution comparable -in terms of temporal dynamics as well as TP concentration involved in the process -to that of Lago Maggiore, was accompanied by an increase in the relative biomass of small r-strategist phytoplankton (Bürgi & Stadelmann 2002) .
The increasing importance of small r-strategists during an oligotrophication process has also been observed in Lake Michigan (Lehman 1991) . The rearrangement of the trophic web during the P-level decline could explain this pattern. Small algal taxa are expected to be favored under lower nutrient concentration, because their high surface area to volume ratio enables rapid nutrient exchange through the cell surface (Harris 1994) . The reduced grazing pressure could also explain the increasing number of small species. The topdown control (due to large herbivorous crustaceans) is known to decline in the deep lakes undergoing oligotrophication (Lehman 1991; Bürgi & Stadelmann 2002; Manca & Ruggiu 1998) .
All in all, the Lago Maggiore TTSS pattern resembles the typical pattern described earlier for Lake Kinneret, a warm, meso-eutrophic, monomictic, with a surface area of 170 km 2 (Serruya 1978) . Several man-induced changes, followed by a long drought period, have ultimately led to drastically changed phytoplankton composition and annual succession patterns since the mid-1990s (Zohary 2004); however, the TTSS general pattern has survived these extremely unusual years (Kamenir et al. 2006) . While the two lakes are so different, the stability of their phytoplankton taxonomic size structure is characterized by a comparable level of the applied similarity index (Pearson r here). A close level of similarity was also demonstrated by oligotrophic Lake Tahoe, USA (Kamenir et al. 2008) . In all three lakes, we can see 'more-or-less' the same size distribution resembling a bell symmetrical in LogV scale. In fact, its fine structure can be described as several peaks separated by clearly seen troughs. While the peaks take almost the same horizontal positions (LogV) across a time series, their height fluctuates from year to year (Fig. 3) . If very close general patterns (a lognormal distribution dissected by deep troughs to 2-4 main peaks) can be observed across long time intervals (>20 years) in very distant regions, one should look for very general mechanisms producing and supporting such distribution patterns (Havlicek & Carpenter 2001; Kamenir et al. 2008) . Even a short analysis produces a number of such intertwined mechanisms (Kamenir et al. 2008 ). Therefore, specific studies are needed to select one possible factor and produce a pattern difference sufficiently big and consistent to be estimated quantitatively and compared with the change in the impact factors involved. Here we tried to perform such a study, where one factor -very important, common and sometimes suitable to anthropogenic control, specifically, the phosphorus level -was selected and supported by large-scale information collected during many years. The result gives evidence of the very high consistency of the TTSS general shape, accompanied by statistically significant differences in some peak heights, suitable to differentiation between two subsets of this pattern. Detailed comparisons of the peak heights and side shifts allow us to divide the total period of the L. Maggiore study into three stages (taking years 1990-2001 together) characterized with more homogenous TTSS patterns (Figs 2  and 6 ).
CONCLUSIONS
The results obtained from this study confirm our working hypotheses: 1) Reliable structural features were found in the TTSS general pattern of the Lago Maggiore phytoplankton, when many principal environmental characteristics changed considerably during the longterm oligotrophication process. 2) At the same time, the fine structure of TTSS reveals features that helped us divide the total oligotrophication process into three stages characterized with notable differences in the central peaks' proportions. These height changes within the central region were caused by pronounced alterations of the species list and the overall taxonomic diversity of the lake phytoplankton. Typical patterns of the stable and transitory stages were differentiated, which could be valuable for environmental protection and ecological diagnostics. Oligotrophication process decomposition was supported by quantitative statistical estimators. This way, TTSS can be applied as a means of quantitative analysis for integral natural community structural evolution. Such an approach would facilitate application of the phytoplankton assemblage taxonomic structure in development of analytical tools acutely needed by environmental management, monitoring, and theoretical ecology. A P P E N D I X Tab. 2. Operational taxonomic unit (OTU) list of Lago Maggiore phytoplankton. OTUs registered in the lake during twenty two years are listed according to their typical cell volume estimate (V, μm 3 ). Size class is defined by the upper border of cell volume included in it and expressed as log 10 (V) estimate given in parentheses. Taxonomic groups are: CHR -Chrysophyceae, CYA -Cyanoprokaryota, CRY -Cryptophyta, DIA -Diatomea, CHLO -Chlorophyta, and DINO -Dinophyta. 
